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PiTOOttfar-iteconvofilon of oicfflnt h«rfn9 Ironi 4 to 12 cartKin atom* to projvlnnft* 



@ A proceM for th© ggnvamlon of QleflnS having from 4 to 
ia carbon atoms Into propylene, characterizod In that &ald ote- 
flna are brought Into contact with a zooBtlc oompound (option- 
ally In admixture witti a binder). se»scted from slPcaHles. bomv 
Jles. chromo*lficatBfl and those zeolitas Z3M5 and ZSM11 In 
which SKV^iaOs (6y "wtea) is > m at a space valoelty of 
from fi to 200 kg/h of olefins par kg of pure aaolttio ™'np»^nj' 
(binder excluded) at a tBmpanaturB of from 400 to SOO'C 
said aeolilic compound being used as weh or In a modified 
1^ form. 
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... .HK cor»VERSinn- OF otfftms hm^tkg from 4 to 12 | 

raPBOM ATOM« PROPYLENE 

The inventiori concerns a proceas for the conversicn 
of olefins having froiu 4 to 12 carbon atom, into pxopylene. 

Nowadays huge amounts of olefins cuts, from to 
C - linear or branched,' are available throughout the 

and they are widely employed for different purposes, 
such as described for instance in Italian patent publi- 
cations 24152 A/82, 24550 V82.and 19292 A/83. Sometimes, 
however, because of contingent reasons, ^^^^ °"^^^^! 
chemical field, like for instance transportation ^-^^^-^ 
ties, it would be better to have still further possxbxl.txe^ 
of use. A promising use of ^aid olefins would be thexr 
conversion into propylene and/or ethylene. 

However, endurance tests have shown that the 
initial behavior of some catalysts, like for instance ZSMS 
and ZSMll, disappears after soioe time; after a few weeks 
conversion and selectivity drop to poor levels. 

An Object of the invention is to provide a Pr-ess for 
catalytically converting olefin cuts C, " C,^ with high 
propylene (and x,ptionaIly also ethylene) yields and wxth 
a long life time of the catalyst before substitution or 

regeneration * 

in its most general form, the invention concerns a 
process for the conversion of olefins having ^^<^ ^ 
carbon atoms into propylene which is characterized in t^t 
said olefins are brought into contact with a zeolxtxc com- 
pound (optionally in admixture with a binder) selected 
from silicalites, boralites, chromosilicates and those 
.eolites ZSM5 and ZSMll in which Bi02/AX203 (by moles iS 
ZsO. at a space velocity of from 5 to 200 -^^^ 

kg of pure zeolitic compound, binder excluded, and at 
a tiperature of fro. 40D to eoO^C said zeoUtic compound 
being used as such or in a modified form. 
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The behavior of silicalites depends on the conversion 
pressure? for instance, if the silicalite is silicalite-1 
and if the pressure is substantially atmospheric, the 
space velocity must be lower than 50 h"^ ; if said com- 
pound is silicalite-l and if the pressure is from. 1.5 
to 7.5 absolute atmospheres the space velocity must be in 
general above 50 h"^. 

Best results are obtained when said catalytic aili- 
calite-1 is activated in the conversion reaction of the ole-i 
fins into propylene, under said operative conditions. This 
initial (activating) run takes at least 8 and preferably 
12 hours? the silicalite-l is used as such or in a modified 
form and the modifying element is selected from Cr, Mg, 

Cat Br and Ba. 

The modifying element can be incorporated into the ca- 
talyst by means of ion exchange or by any other method, for 
instance impregnation or co-precipitation during the synthe- 
sis of the zeolitic compound - 

According to a particularly advantageous way for the 
preparation of a non-modified silicalite, the raw product 
coming from the zeolite synthesis is dried, for instance 
at 120-C, calcined (e.g.. at 540-C for some hours), in or- 
der to remove all the residual organic templating agent, 
and then exchanged with an aqueous solution of HCl/ NH^Cl, 
KH.NO3 or an equivalent or ^4"" source. When an am- 
monium compound is used, it is necessary to heat, e.g. at 
400'C, in order to obtain the acid form of the silicate. A 
aurveyof techniques alternative to ion exchange is given 
e.g. in U.S. patents 3,140,249; 3,14(^251? 3,140,253 and in 
European patent publications 30796, 36707, 37168, 40463, 
68754. 

The zeolitic material, after calcination and conversion 
into the acid form, shows a long endurance and a very high 
catalytic activity. These zeolitic compounds can be used 
as catalysts (as such or in a modified form) optionally 
in admixture with suitable amounts of binders, for m- 
stance SiO^ or AI2O3. A list of other binders can be found 
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e.g. in European patent publication 36707, The regeneration 
can be carried out in air for some hours, at 400-600"C. A 
steam regeneration is described in European patent publi- 
cation 36704 and according to a farther and very auccess- 
ful method, the catalyst can be regenerated by a hydrogen 
treatment. 

As to the initial activation of the catalyst, some 
methods are described in European patent publications 
34444 and 35830? in general it is advisable to activate 
the catalyst for some hours in air, at 450-750'»C (prefer- 
ably 540-700''C). Furthermore the conversion itself (of ole- 
fins to propylene) has an activating effect on the zeolitic 
catalyst. In other words, catalyst and reaction affect each 
other in a mutual, reciprocal and beneficial activating re- 
action. 

Any process for the conversion of more or less heavy 
olefinio cuts into propylene will be indicated hereafter, 
as a "post-pyrolysis" process. When the feed of a post- 
pyrolysis process is a mixture of olefins having 4 C atoms, 
there is a considerable problem to be solved, because the 
C cuts always contain substantial amounts of paraffins, 
iS general, also having 4 C atoms, which paraffins pass 
(at 400"600''C) the zeolitic bed without taking part in 
any reaction. Furthermore a small ambunt of C^" paraffins 
is produced by the post-pyrolysis process itself. The con- 
version to c^Hg could be enhanced by a recycle of the non- 
reacted C^- olefins or of the C^" olefins formed during the 
reaction. In such a case, however, an increasing accumu- 
lation of n-butane and of isobutane would take place. This 
drawback could be avoided by a separation of paraffins 
from olefins before feeding the reactor but such a 
separation is rather difficult. Butenes and isobutane can- 
not be isolated by a simple distillation and it is usually 
necessary to carry out an extractive distillation (a com- 
plicated technique), which is particularly burdensome for 
the C," cuts coming from catalytic cracking, where butane 
and isobutane may accbunt for even 50t of the whole. The 
, problem, Jiowever^.can.. be solved in.a surprtsingly„,easy . way 
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by the process according to the ihventiorir when employing 
an integrated oligoitieriasation $tep. in other words / a, par- 
s ticular embodiment of the invention (the feed being a paraf* 
fin-olefin mixture) compriBes the following steps (reference 
is made also to figure 2}i 

a) preliminary oligomerization of a (C^"" 4^ C^'*') 
mixture at a temperature of from 320 to 380 "C using 
a catalyst bed of zeolitic natureCsee e.g. U.S. 
patent 4^150,062} to obtain a mixture of olefins 
having froit? 5 to 8 C atoms, with the C^^ paraffins 
remaining unconverted; 

b) cooling and condensation of the oligomerization 

,5 effluent in order to separate the C^"'' paraffins as a 

gaseous phase^ and conversion of the rCTiaining fc^ - 

Commixture to propylene under typical "post-pyroly- 
o 

sis" operative conditions? 

c) cooling of the effluent from the reactor for the 
20 conversion to propylene and compression of said 

effluent, preferably at 13-16 absolute Kg/cm^, 
whereby the hydrocarbons having 4 or more C atoms 
are condensed and the hydrocarbons having less than 
4 C atoms are separated as a gaseous phase* 
25 These hydrocarbons (-< C^) can be advantageously re- 
cycled to a conventLonal battery of distillation colxutins 
for thermal or catalytic cracking, in order to recover all 
the propylene contained therein. The small and possible 
amounts of aromatics (BTX) can be easily separated from the 
so other hydrocarbons and recycled together with the final 
fc^" - Cg") miscture, containing small amounts of butanes 
produced during the conversion reaction described under 
item (b) above. 

In order to carry out the oligomerization, olefins, 
35 containing paraffins in any proportion, are initially 
brought into contact with a catalyst of zeolitic nature, 
for instance ZSMS or ZSMll, in an acid or in a m dified 
form, at 250-400^'C (pr ferably 320-380°C) and at space 
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velocities from 2 to 10 (preferably 4 - 8) kg/h of «ac- 
tants .per kg of pure s^eolite (binder excluded) . In other 
words, the olefins of the (C," * C,*) mixture are converted 
almost totally into a LCf - cf) olefinio mixture, while 
butane and ieobut^e do not xeact. The separation of the 
butanes can thus be carried out very easily by simple coo- 
ling with water- at room temperature. The olefinic (C^ - 
C -) mixture liquifies while the butanes are separated as 
a'gaseous phase, said icf - cf) mixtures being optimal 
raw-materials for the production of propylene. 

Depending on the operative conditions of the synthe- 
sis of the silicalite^as e.g. the dilution of the start- 
ing solutions, the resulting crystallites may have a wxde- 
ly variable • si^e. The crystallites to be employed in the 
process Iccordi-ng to the invention should have, in general, 
rather small sizes, such small sizes being obtainable, for 
instance, following the teachings of O.S, patent 3,926,782. 
The following examples are given merely for illustration 
purposes and do not in any way limit the scope of the xn 
vention. 

ftPBRATIVE cnWDTTlONS C OMMOM TO ALL EXAMPLES 

As to the method of preparation of the catalysts see; 
" for silicaIite-1: O.S. patent 4, 06l> 724; 

- for boralites- Taramasso at al.: "Molecular Sieve Borosi- 
licates", Proc. 5th Int. Conf. on Zeolites, Naples 19B0, 
pages 40-48 (Heyden and Son Ltd. London 1980)? the bora- 
lite used in the examples has a ratio SiOj^ : 8^63 of 7 
(by moles); a more recent method for obtaining boro-sili- 
ca.tes is described in European patent publication 77946 

- for chromosilicates: Italian patent publication 22568 
A/82, in the name of the Applicant; the chromosilicate 
used in the examples has a ratio Sio^ : Cr203 of 38 (by 
moles). 

As to zeolites 2SM5 showing a very high SiOj s Alj^a 
ratio, not exemplified, see Italian patent publicatiaa 
21699 A/83, in the name of the Applicant. In the abs nee of 
different indications, all the catalysts were activated 7 
hours at 540*C before being us d, ; , 
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EXAMPLES 1-6 

3 g of zeolitic catalyst, in admixture with 0.9 g of 
^ SlOj (as a binder), were loaded into a microreactor which 
was continuously fed, at a pressure slightly above atmo- 
spheric pressure with a 50/50 mixture of butene-2-txans 
and butene-2'-cis. Operative conditions and results are 
given in Table !• 

10 EXAMPLE 7 . 

Example 4 was repeated using a silxcalite-1 impregnated 
with a chromium salt, thus obtaining slightly better re- 
sults. 

EKABdPLES 8-15 

0.5 g of zeblitic catalyst, in admixture with 0.21 g 
of Al^Oj Us a binder), were loaded into a micaroreactor 
which was continuously fed, at a pressure slightly above 
-the atmospheric pressure with a 70/100 mixture of n-pen- 
tene and of helium (by moles). Detailed operative con- 
^ ditions and results are given in Ta.hl& 2. When modified 
zeolitic catalysts were used, the modifying element was 
added by tneans of impregnation. - 

EXAMPLES 16-23 

25 Examples 8 and 9 were repeated replacing pentene with 

n-hexene {ex. 16 and 17), with 2-iftiethyl-pentene-l (ex. 18, 
19 and 20) and with n-octene-1 (ex, 21, 22 and 23), re- 
spectively, the parameters being slightly modified as in- 
dicated in Table 3, which shows also the very good results. 

30 EXAMPLES 24-29 

2,12 g of zeolitic catalyst were loaded into a micro- 
reactor which was continuously fed whith 7-5 k^/h of iso^ 
butene per Jcg of zeolitic catalyst at 550*C and at a 
pressure slightly above atmospheric pressure. Data and 

SB results are given in Table 4» 

EXAMPLES 30 AND 31 

Examples. 24 and 25 were repeated raising the pressure 
to 5 absolute atmospheres and the space velocity (WHSV) 
from 7,5 to 45 h*"^, thus obtaining analogous results. 
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EXAMPLES 32-35 

3 g of silioalite-l, without binder, were loaded into a 
microreactor which was continuously fed with 60Jcg/h of the 
olefins of example 1 per kg of silicalite, at high pressures 
(6 absolute atmospheres for example 32 and 33 and 8 abs. 
atm. for ex. 34 and 35). The detailed operative conditions 
and the results are given in Table 5. The results show 
10 clearly that a slight increase in pressure, corresponding 
approximately to the pressure of the olefins in the in- 
dustrial manufacturing plants, allows the. same conversions 
and selectivities, but at a much higher velocity. In other 
words, it is surprising and was quite unexpected that a 
16 suitable increase of the pressure increases very much the 
productivity of the silicate and therefore the output of 
the industrial plants. 

EXAMPLE 36 

50 parts by weight of silicalite-l were admixed with 
a 50 parts of AljOj (binder) and the mixture was loaded into 
a microreactor which was continuously fed at atmospheric 
pressure, with a 50/50 mixture Of butene-2-trans and bute- 
ne-2-cis, at 550*C and at a space velocity of 20 kg/h of 
olefins per kg of silicalite (binder excluded). The run was 
« very long (120 h) and the results, hour by hour, were con- 
tinuously monitored and plotted in figure 1. It is worth- 
while to note that the initial decrease of conversion is 
reversed after a few hours; thus the conversion of the ole- 
fins itself is likely to be a stimulating activation for 
™ the catalyst. In other words, catalyst and reaction effect 
each other by a mutual and beneficial activating action. 

EXAMPLE 37 

Example 36 was repeated by using a mixture 65% b.w. 
silicate-1 + 35% b.w. AljOa and by raising the space ve- 
locity to 67 h"^. In this case, the conversion initially 
decreased and then the phenomenon was reversed. 
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CLAIMS I 



6 1. A process for the conversion of olefins having from 4 to 
12 carbon atoms to propylene, characterized in that said 
olefins are brought into contact with a zeolitic com^ 
pound (optionally in admixture with a binder) , selected 
from silicalites, boralites, chromosilicates and those 
I to zeolites ZSM5 and ZSMll in which SiOj/Al^O^ (by moles) 

i is ^350^ at a space velocity of from 5 to 200 kg/h of 

; olefins per kg of pure zeolitic compound (binder exclu- 

i ded) and at a temperature of from 400 to 6D0°C , said 

zeolitic compound being used as such or in a modified 
IS form- 

2. The process of claim It wherein said ccHnpound is 

silicalite-1 r the pressure is substantially atmospheric 
and the space velocity is from 5 to 50 h*"^. 
a> ' 
j 3« The process of claim 1, wherein said compound is 

silicalite-1, the pressvire is from 1.5 to 7»5 absolute 
atmospheres and the space velocity is from 50 to 200 h"*^. 

; K 4. the process of any of claims 1-3, wherein said compound 
is silicalite-1 which is activated in the conversion 
reaction of said olefins to propylene, under the opera- 
tive conditions of claim 1, the initial (activating) run 
being carried out at least 8 and preferably 12 hours, 

80 

5. The process of any of claims 1-4', wherein said olefins 
are selected from isobutene and. linear butanes and 
wherein said binder is SiO^. 

dS 6. The process of any of claims l<-4, wherein said olefins 

contain from 5 to 8 carbon atoms and wherein said binder 
is Al^O^- 
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7- The process of any of claims 1-6, wherein said compound 
is silicalite--l in a non-modified form. 

s 

8. The process of any of clauns 1-6, wherein said compound 
is silicalite^l in a modified form, the modifying 
element being Cr^ Mg, Ca, Sr or Ba. 

10 9. A process for the conversion of olefins having 4 carbon 
atoms into propylene, characterised in that said olefins j 
are brought into contact with a zeolitio compound (op- 
tionally in admixture with a binder) selected from 
silicalites and those zeolites 'ZSM5 and 2SM11 in which 

15 SiOj/Al^O^ (by moles) is>350, at a pressure of from 1.5 

to 7.5 atnospheres# a space velocity of from 50 to 200 
kj/h of olefins per kg of pure zeoll tic compoond (bin- 
der excluded) and a temperature of from 400 to eOO'^C, 
said compound being used as such or in a form modified 

20 by an element selected from Cr, Mg, Ca, Sr and Ba. 

10 • A process for the conversion of olefins having from 5 
to 8 carbon atoms into propylene, characterized in that 
said olefins are brought into contact with a zeolitic 

25 compound (optionally in admixture with a binder) selec- 

ted from silicalites and those zeolites 2SM5 and ZSMll 
in which SiOj/Al^O^ (by moles) is>350, at a pressure of 
from 1.5 to 7*5 atmospheres, a space velocity of from 
50 to 200 Kg/h of olefins per kg of pure zeolditic com- 

30 pound (binder excluded) and a temperature of from 400 

to 600**C, said compound being used as such or in a form 
modified by an element selected from Cr, Mg^ Ca, Sr and 
Ba» 

35 11. The process of claims 9 or 10 wherein said compound is 

silicalite-1 which is activated in the conversion reaction of 
said olefins, to propylene, under said operative condi- 
tions, the initial (activating) run being carried out 
at least 8 and preferably 12 hours^ 
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12- A process far the conversion into propylene of mixtures 
of olefins having 4 C atoms, said mixtures containing 
also C^^ paraffins - that cannot be easily separated from 
olefins, which process comprises the following steps: 

a) preliminary oligotnerization of a (C^" + C^"*") mixture 
at a temperature of from 320 to 380 "C using a catalyst 
bed of zeolitic nature to obtain a mixture of olefins 
having from 5 to 8 C atoms, with the C^"** paraffins 
remaining unconverted; 

b) cooling and condensation of the oligomer ization 
effluent in order to separate the C^^ paraffins as a 
gaseous phase, and conversion of the remaining 
(C^" «- Cq~) mixture to propylene under the typical 
"poBt-pyrolysis" reaction conditions of claim 1; 

c) cooling the effluent from the reactor for the con^ 

version to propylene and compression of said effluent^ 

, 2 

preferably at 13-16 absolute kg/cm # whereby the 
hydrocarbons having 4 or more C atottis are condensed 
and the hydrocarbons' having less than 4 C atoms 
are separated as a gaseous phase. 
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Description 

Nowadays huge amounts of ol fin cuts, from C^" to C^z", linear or branched, are available throughout 
the world and they are widely employed for different purposes such as described, for instance, in Italian 
5 patent publications 24152 A/82, 24550 A/82 and 19292 A/83. Sometimes, however, because of contingent 
reasons, even outside the chemical field such as, for instance, transportation difficulties, it would be better 
to have still further possibilities of use. A promising use of said olefins would be their conversion into 
propylene and/or ethylene. 

EP — ^A — ^37671 discloses a process for the acid catalyzed conversion of larger olefins to smaller olefins, 
fo wherein the larger olefins are contacted with a zeotitic compound, e.g. ZSM5 or ZSM11 zeolites, having a 
silica to alumina mole ratio of at least 12, the zeolitic compound being used as such or in a modified f rm. 

However, endurance tests have shown that the excellent initial behavior of some catalysts such as, for 
instance, ZSM5 and ZSM11, disappears after some time; after a few weeks conversion and selectivity drop 
to poor levels. 

75 An object of the invention is to provide a process for catalytically converting olefin cuts C^' — Cip" with 
high oropvle ne (and, optionally, also eth ylene ) yields and with a long life time of the catalyst b for 
substitution or regeneratfon. 

In its most general form, the invention concerns a process for the conversion of linear butenes to 
propylene, which comprises contacting said butenes with a zeolitic compound, optionally in admixture 

20 with a binder, characterized in that said zeolitic compound is selected from silicaiites . boralites, 
chromosilicates and those zeolite s ZSiVLS ^and ZSM1 1 in which the mole ratio SiOa/AlaOa is >350 aad that 
said conversion reaction is carried but at a temperature of from 500 to 600°C and at a space velocity of from 

j_t o 200 kq/h-of-butenes per kg of pure zeolitic compound (binder excluded). ... 

The zeolitic compound Is used as such or in a modified form. 

25 The behavior of silicalites depends on the conversion pressure; for Instance, if the silicalite is sillcalite- 
1 and if the pressure is substantially atmospheric, the space velocity must be lower tha n 50 h""*^ ; if said 
compound is silicalite-1 and if the pressure Is from 1.52 to 7.60 b ar (1. 5 to 7.5 absolute atmospher es) the 
space vel ocity must be in general above 50 h "^. ' 
Bgsffesults are obtained when said catalytic silicatite-1 is activated in the conversion reaction of the 

30 olefinsjnto prop ylene, under said operative conditions. This initial (activating) run takes at least 8 and 
prererably 12 hours; the silica1ite-1 is used as such or in a modified form and the modifying element is 
selected from Cr^ Mg, Ca, Sr and Ba« 

The modifying element can be incorporated into the catalyst by means of ion exchange or by any other 
method, for instance impregnation or op-precipitation during the synthesis of the zeolitic compound. 

36 According to a particularly advantageous way for the preparation of a non-modified silicalite, the raw 
product coming from the zeolite synthesis is dried, for instance at 120°C, calcined (e.g. at 540°C for som 
hours), in order to remove all the residual organic templating agent, and then exchanged with ah aqueous 
solution of HCI, NH^CL NH^N Qajo r an equivalent H"^ or NH^'*' source. When an ammonium compound is 
used. It IS necessary to heat7e.g. at 400°C, in order to obtain the acid form of the silicate. A survey of 

4o techniques alternative to ion exchange is given e.g. in U.S. patents 3,140,249; 3,140,251; 3,140,253 and in 
European patent publication 30796, 36707, 37168, 40463, 68754. 

The zeolitic material, after calcination and conversion into the acid form, show a long endurance and a 
very high catalytic activity. These zeolitic compounds can be used as catalysts (as such or in a modified 
form) optionally in admixture with suitable amounts of binders, for instance Si02 or AI2O3. A list of oth r 

45 binders can be found e.g. in European patent publication 36707. The regeneration can be carried out in air 
for some hours, at 400 — 600°C. A steam regeneration is described in European patent publication 36704 
and according to a further and very successful method, the catalyst can be regenerated by a hydrogen 
treatment 

As to the initial activation of the catalyst, some methods are described in European patent publications 

50 34444 and 35830; in general it is advisable to activate the catalyst for some hours in air, at 450 — ^750°C 
(preferably 540 — 70Q°C), Furthermore the conversion itself (of olefins to propylene) has an activating effect 
on the zeolitic catalyst. In other words, catalyst and reaction affect each other in a mutual, reciprocal and 
beneficial activating reaction. 

Any process for the conversion of more or less heavy olefinic cuts into propylene will be indicated 

55 hereafter, as a "post-pyrolysis" process. When the feed of a post-pyrolysis process is^ mixtu re of olefins 
hax/jpq A p-atftrng,, ^^ft^fj^ fig p rr^nciriorahio problem to be solved, becauso th e Ca cuts always contain 
^Substantial amounts of paraffinsj in general, also having 4 C atoms, which paraffins pass (a t 400 — 6g O°C) 
the zeolitic bed without taking part in any reaction. Furthermore a small amount of C4" paraffins is 
rrP^"^ffSff1 by thfl pps^-pyroly^ls process i^^ff. The conversion to C-^Ha couia oe ennancea ov a recy cle ofTH^ 

60 non-reacted C4* olefins or of the C4" olefins for med during the reaction . In such a case, howeNTTTan" 
increasing accumulation or n-Dutan and'^SoButane would tak place, this drawback could be avoided 
by a separati n of paraffins from ol fins b fore feeding the reactor but such a separation is rather difficult. 
But nes and isobutane cannot be is lated by a simple distillation and it is usually necessary t carry ut an 
extractiv distillation (a complicat d technique), which is particularly burdensome forth 64" cuts coming 

65 from catalytic cracking, where butan and isobutane may account for even 50% of th whole. The problem. 
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however, can be solved in a surprisingly easy way by the process according to th invention, wh n 
employing an integrated oligomerization step. In other words, a particuair embodiment of the invention 
(the feed being a paraffin-olefin mixture) comprises the following steps (reference is made also to figur 2): 

a) preliminary oligomerizati n of a (C4"+C4") mixtur at a temperature of fr m 320 t 380°C using a 
5 catalyst b d of zeolitic natur (see .g. U.S. pat nt 4,150,062) to btain a mixtur of olefins having from 5 to 

8 C atoms, with th e Cg^ paraffins remaining unconvert e d;^ 

b) cooling and condensation ot the oiigomeozatfon eitru^iti" order to separate the 04"^ paraffins as a 
gaseous phase, and conversion of the remairiing (Cs"— Ce") rnlxture to propylerie under tvpicai ' post' 
pyrolysis" operative conditions; V y 

70 c) cooling of the effluent from the reactor mr-tiie.conye!:sion to propylene and compression of said 
effluent, preferably at 13 — 16 bar, whereby the hydrocarbons having 4 or more C atoms are condensed and 
the hydrocarbons having less than 4 C atoms are separated as a gaseous phase. 

These hydrocarbons (<C4) can be advantageously recycled to a conventional battery of distillation 
columns for thermal or calalytic cracking , in order to recover all the propylene contained therein. The small 

rs and possible amounts of arom atic s (BTX) can be easily separated from the other C4 hydrocarbons and 
recycled together with thelmallCT'^a") mixture, containing small amounts o f butanes ^ produced durin g 
the conversion reaction described under item (b) above. 

In order to carry out the oligomerization, C4 olefins,, containing C4 paj:affinsjn_any proporti on, are 
initially brought into contact with a catalyst of zeolitic nature, for instance ZSM6 or ZSM1 1 , in an acid or in a 

20 modified form, at 250— 400X (preferably 320—380*0 and at space velocities from 2 to 1 0 (preferably 4—8) 
kg/h of reactants per kg of pure zeolite (binder excluded). In other words, the olefins of the (C4"+C4")>^ 
mixture are converted almost totally Jnto~a (Cg"*^?rC3T)-x»!ef!n!c mixtij re,- whiln butane and.isobjytane.dpjipt , ... 
react. The coparatinri nf thft hii^^^pfis nan t^^q sJje Carried o ut very easily by simple cooling with water at 
room temperature.< pte olefinic (Cs" "-Ca") mi xture liquifig g>while the butaneg. are separated as a gaseous 

25 phase, said (d'—Ca J' mixtures b<^lnfl opilfnal >^W=mal erial s for the production of propylene. 

Depending on the operative conditions ot the synthesis ttf the siiicailie, as e.g. the aiiuiion of th 
starting solutions, the resulting crystallites may have a widely variable size. The crystallites to be employed 
in the process according to the invention should have, in general, rather small sizes, such small sizes being 
obtainable, for instance, following the teachings of U.S. patent 3,926,782. The following examples are giv n 

30 merely for illustration purposes and do not in any way limit the scope of the invention. 



Operative Conditions Common to all Examples 

As to the method of preparation of the catalysts see: 

— for silicalite-1: U.S. patent 4,061 ,724; 
35 — for boralite: Taramasso et al.: "Molecular Sieve Borosilicates", Proc. 5th Int. Conf. on Zeolites, 

Naples 1980, pages 40—48 (Heyden and Son Ltd. London 1980); the boralite used In the examples has a 
ratio Si02:B203 of 7 (by moles); a more recent method for obtaining boro-silicates is described in European 
patent publication 77946; 

— for chromosilicates: Italian patent publication 22568 A/82, in the name of the Applicant; the 
40 chromosilicate used in the examples has a ratio SiOarCraOa of 38 (by moles). 

As to zeolites 2SM5 showing a very hig hJSLQaiAlgOa ratio, not exemplifiedr-see Italian patent 
publication 21699 Ag 3, in the name of the Applicant. In the absence of different indications, all the catalysts 
were activated 2 hours at 540^C before being used. 

45 Examples 1 — 6 

3 g of zeolitic catalyst, in admixture with 0.9 g of SiOa (as a binder), were loaded into a microreactor 
which was continuously fed, at a pressure slightly above atmospheric pressure with a 50/50 mixture of 
butene-2-trans and butene-2-cis. Operative conditions and results are given in Table 1. 

so Example 7 

Example 4 was repeated using a silicalite-1 impregnated with a chromium salt, thus obtaining slightly 
better results. 

Examples 8 — 1 1 

55 3 g of silicalite-1, without binder, were loaded into a microreactor which was continuously fed with 60 
kg/h of the olefins of example 1 per kg of silicalite, at high pressures (6.08 bar for example 8 and 9 and 8.1 
bar for example 10 and 11). The detailed operative conditions and the results are given in Table 2. The 
results show clearly that a slight increase in pressure, corresponding approximately to the pressure of the 
olefins in the industrial manufacturing plants, allows the same conversions and selectiveness, but at a 

60 much higher velocity. In other words, it is surprising and was quite unexpected that a suitable increase of 
the pressure increases very much the productivity of the silicate and therefore the output of the industrial 
plants. 

Example 12 

65 50 parts by weight of silicalit -1 w re admixed with 50 parts of AljOa (binder) and the mixture was 
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loaded Into a microreactor which was continuously fed at atmospheric pressure, with a 50/50 mixture of 
butene-2-1; rf^ins butenfi-2;cis, at 550 °C and at a space velocity of 20 kg/h of olefins per kg of silicalite 
(binder excluded). The run was very long (120 h) and the results, hour by hour, were continuously 
monitored and plotted in figure 1. It is worthwhile to note that the initial decrease of conversion is reversed 
s after a few hours; thus the conversion of the ol fins itsel f is likely to b a stimulating activation for the 
catalyst. In other words, catalyst and reaction effect each oflw byaTnUtUalandbemficial activating action. 

Example 13 

Example 12 was repeated by using a mixture 65% b.w. silicate-1 +35% b.w. AI2O3 and by raising th 
JO space velocity to 67 h*^. In this case, the conversion initially decreased and then the phenomenon was 
reversed. 
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Claims 

1. A process for the conversion of linear butanes to propylen e, which comprises contacting said 
butenes with a zeoiitic compound, optionally in admixture with a binder, characterized in that said zeolitic 

5 compound is selected from silicalites, boralites, chromosilicates and those zeolites ZSM5 and 2SM11 in 
which the mole ratio SiOa/AUOg is ^350 and that said conversion reaction is carried ut at a temperature of 
from 500 to 600**C and at a space velocity of from 5 to 200 kg/h of butenes per kg of pure zeolitic compound 
(binder excluded). 

2. The process of claim 1 wherein said zeolitic compound is silicalite-1. 

io 3. The process of claim 2 wherein the space velocity is from 5 to 50 h~\ when the reaction pressure is 
- substantially atmospheric, and is from 50 to 200 h~\ when the. reaction pressure is from 1.5 to 7.5 bar. 

4. The process of claim 2 or 3 wherein the sillcalite-1 is activated by the conversion reaction of said 
butenes to propylene under the reaction conditions of claim 1, the initial (activating) run being carried out 
at least 8 and, preferably, 12 hours. 

rs 5. The process of any one of claims 2 to 4 wherein said silicalite-1 Is in a non-modified form. 

6. The process of any one of claims 2 to 4 wherein said silicalite-1 is in a modified form, the modifying 
element being selected from Cr, Mg, Ca, Sr or Ba. 

7. The process of any one of claims 1 to 6 wherein said binder is Si02. 

20 

Patentanspruche 

1. Verfahren zur Umwandlung von linearen Butenen in Propylen, bei dem die Butene mit eiher 
zeolithischen Verbindung, gegebenenfalls im Gemisch mit einem Bindemittel, in Kontakt gebracht werden, 

2s dadurch gekennzeichnet, daS die zeolithische Verblndung ausgewahit ist unter Silicaliten, Boraliten, 
Chromosillcaten und Zeolithen ZSM5 und ZSM11, bei denen das IVIolverhaltnIs SiOa/AlaOg >350 ist, und 
dais die Umwandlungsreaktion bei einer Temperatur von 500 bis 600 °C und einer Raumgeschwindigkelt 
von 5 bis 200 kg/h Butenen pro kg reiner Zeolithischer Verbindung (Bindemittel ausgenommen) 
durchgefOhrt wird. 

3o 2. Verfahren nach Anspruch 1, worin die zeolithische Verbindung Sillcalit-1 ist-_ 

3. Verfahren nach Anspruch 2, worin die Raumgeschwindigkelt 5 bis 50 h ^ betragt, wenn der 
Reaktionsdruck im wesentllchen AtmosphSrendruck ist, und 50 bis 200 h"^ betrSgt, wenn der 
Reaktionsdruck 1,5 bis 7,5 bar ist 

4. Verfahren nach Anspruch 2 Oder 3, worin der Sllicallt-1 durch die Umwandlungsreaktion der Butene 
35 im Propylene unter den Reaktlonsbedingungen von Anspruch 1 aktiviert wird, wobei der anfSngliche 

(aktivierende) Durchgang mindestens 8 und vorzugsweise 12 Stunden durchgefOhrt wird. 

5. Verfahren nach irgendeinem der Anspruche 2 bis 4, worin der Silicalit-1 in nicht-modifizierter Form 
vorliegt 

8. Verfahren nach irgendeinem der AnsprOche 2 bis 4, worin der Sllicalit-1 in modifizierter form 
40 voriiegt, wobei das modifizierende Element ausgewahit ist unter Cr, Mg, Ca, Sr oder Ba. 

7. Verfahren nach irgendeinem der Anspruche 1 bis 6, worin das Bindemittel SlOa ist. 

Revendications . 

45 1. Un proc§d§ de conversion de butanes Iin6aires en propylene, qui comprend le contact des butSnes 
avec un composd z§olitique, dventuellement associd h un liant, caract6ris§ en ce que le dit compost 
ztolitique est choisi parmi les silicalites, les boralites, les chromosilicates et les ztolites ZSM5 et ZSM11 
dans lesquelles le rapport molaire SiOs/AlaOa est supdrieur ou 6gal d 350 et en ce que la dite reaction de 
conversion est mise en oeuvre d une temperature comprise entre 500'*C et 600°C et h une vitesse spatiale 

50 comprise entre 5 et 200 kg/h de butdnes par kilogramme de compose z6olitique pur (liant exclus). 

2. Le procdd^ selon la revendication 1 dans lequet ledit compost z^olitique est la silicalite-1. 

3. Le proc6d6 selon la revendication 2 dans lequel la vitesse spatiale est comprise entre 5 et 50 h~\ 
lorsque la pression r^actionnelle est de Tordre de la pression atmospherique et est comprise entre 50 et 200 
h"\ lorsque la pression rdactionnelle est comprise entre 1,5 et 7,5 bars. 

55 4. Le proc4d§ selon la revendication 2 ou 3 dans lequel, dans les conditions de reaction de la 
revendication 1, la silicalite-1 est activ6e par la reaction de conversion des dits butdnes en propylene, la 
procedure initiale (activation) 6tant effectu^e en au moins 8 heufes, de preference 12 heures. 

5. Le procede selon la revendication 1 dans lequel la silicalite-1 est sous une forme non modifiee. 

6. Le proc6de selon une quelconque des revendications 2^4 dans lequel ledit silicalIte-1 est sous une 
60 forme modifi6e, r6l6ment modificateur consistent en Cr, Mg, Ca, Sr ou Ba. 

7. Le precede s I n une quelconqu des revendications 1^6 dans lequel ledit liant est forme de SiOa. 
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